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FAULT PROTECTION CIRCUIT FOR POWER
SWITCHING DEVICE

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the
payment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to fault protection cir-
cuitry for providing protection to a power switching
device and more particularly to a high speed means for
protecting the power switching device against faults

caused by short circuits, oversaturation, shoot through,

and undervoltage.

(2) Description of the Prior Art

Alternating current electric motor systems often de-
pend on batteries as a power source, and, thus, the de-
sign of high power, power dense, reliable inverter elec-
tronics is critical in converting direct current from bat-
teries to alternating current for supply to the electric
motor. The development of high power, metal oxide
semiconductor (MOS) controlled switching devices
such as an insulated gate bipolar transistor (IGBT) has
enabled the use of semiconductor devices in power
control circuitry. However, MOS controlled switching
devices are sensitive to varying voltages and must be
protected from voltage spikes and voltage undertlow.
Excess current through the MOS switching device
causes high temperatures in the device which eventu-
ally will lead to its destruction. Operation of the MOS
switching device at low gate drive voltage causes the
gate to drop out of saturation. When the device is out of
saturation, heating occurs in the device because of in-
creased resistivity resulting in damage to the device.

As a general rule, once any of the above failure
modes appears, the MOS controlled switching device
should be turned off within 10 usec. If this time limit is
exceeded the switching device can be destroyed or
severely weakened. Furthermore, the MOS switching
device must be shut down properly to avoid placing the
device in a failure mode. For example, trying to shut
down the device while it is switching full power can
cause destructive current and voltage spikes.

Various prior art circuits exist for detecting voltage
spikes and underflow and providing an alternate path
for excess power. To detect voltage spikes and under-
flows, it is well known to provide a reference voltage
which can be compared with the voltage across the
collector and emitter of the MOS device to activate a
switch shutting down power to the MOS device.

Other prior art devices such as U.S. Pat. No.
4,893,212 provide an alternate path by connecting the
collector of a bipolar transistor to the lower voltage
switch terminal of a MOS device, the base of the transis-
tor is connected to the higher voltage switch terminal of
the MOS device, and the emitter of the transistor is
connected to a reference voltage. The bipolar transistor
allows current to flow around the MOS device when an
excess voltage exists on the base. The *212 patent also
includes the use of a Zener diode and resistor in paraliel
with the gate terminal and lower swiich terminal of the
MOS device. When the gate terminal 1s subjected to a
preset excess voltage, the Zener diode allows flow of
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2
reverse current through the diode to prevent gate oxide
breakdown of the MOS device.

Prior art gate control circuits have the capability of
sensing that a switching device i1s entering a failure
mode, but these gate drive circuits are not quick enough
to shut down the gate before the switching device 1s
destroyed. Furthermore, many prior art fault protection
circuits are placed in the flow of switched current mak-
ing them susceptible to the same failure modes as the
switching device, and thus, the same voltage surge that
results in destruction of the MOS device will also de-
stroy the fault protection device. Previous gate drive
designs also shut down a switching device suddenly
without providing protection against transients inherent
in device shut down.

SUMMARY OF THE INVENTION

Accordingly, it is a general purpose and object of the
present invention to provide a device for preventing
damage to a MOS switching device.

It 1s a further object that such device and method shut
down the MOS switching device within 10 usec of
detection of a fault mode.

Another object is that such device and method pro-
vide for safely shutting down the MOS switching de-
vice without allowing transient currents to damage the
device during shut down.

These objects are accomplished with the present
invention by providing a fault protection circuit for a
power switching device. The circuit comprises a driver
circuit electrically connected to the power switching
device, a saturation comparator electrically connected
to the collector of the switching device to determine if
the switching device is switching an excessive voltage,
and two voltage comparators to determine if the gate 1s
receiving sufficient voltage. If the gate 1s oversaturated,
the saturation comparator enables the gate of a field
effect transistor which drains the gate of the switching
device to a predetermined voltage level, and the satura-
tion comparator also disables the driver circuit. The
voltage comparators detect insufficient voltage to the
driver circuit and disable the driver circuit. Once the
driver circuit is disabled the control circuitry can take
corrective action.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the invention and
many of the attendant advantages thereto will be
readily appreciated as the same becomes better under-
stood by reference to the following detailed description
when considered in conjunction with the accompany-
ing drawings wherein:

FIG. 1 is a schematic diagram displaying one coil of
an electric motor coupled to a control circuit and a
plurality of gate drive circuits embodying the current
invention;

FIG. 2 shows a functional block diagram of the cur-

rent mnvention; and

FIG. 3 shows a functional block diagram of a second
embodiment of the current invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The gate drive circuits of the current invention are
currently being used to drive switching devices that
control current flow through one coil of an electric
motor; however, other uses can be made of the present
invention. In FIG. 1 there is shown a schematic of the
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inventive device as used to protect a switching device in
an electric motor. FIG. 1 shows a power supply 10
joined to an electric motor coil 12 through a plurality of
gate drive switching circuits 14, 16, 18, and 20. Coil 12
represents one phase of a A-type electric motor; how-
ever, this device can also be used 1n Y-type electric
motors. Ground voltage for each gate drive switching
circuit 14, 16, 18, and 20 is the drive circuit’s lower
switched voltage. Gate drive switching circuits 18 and
20 can be joined directly to a controller 24 because
these switching devices operate on the low voltage side
of coil 12. However, gate drive switching circuits 14
and 16 must be provided with isolators 26 to allow
transmission of a control signal while electrically 1solat-
ing gate drive switching circuits 14 and 16 from control-
ler 24 because of the difference in operating voltages.
Isolators 26 are typically optocouplers such as a Hewl-
ett-Packard HCPL-2531 or the like, but other 1solating
circuits can be used.

To operate a motor, coil 12 must generate a magnetic
field in a first direction and then in a second direction.
This requires activation of coil 12 by passing a current
through coil 12 in one direction and then in another.
For providing current in a first direction, switching
device 14 and switching device 20 must be closed to
allow a conducting path between +Vgysand —Vgys.
Switching devices 16 and 18 must be open to avoid
current leakage and short circuiting. Switching devices
16 and 18 can then be closed, and switching devices 14
and 20 opened to provide current flow in a second
direction. An error known as shoot through occurs if an
unloaded conducting path is present between -+ Vpgys
and —Vpgps. This error can occur i1f both switching
device 14 and switching device 18 or if both switching
device 16 and switching device 20 are closed at the
same time.

In this embodiment, switching devices 14, 16, 18, and
20 are controlled by a pulse width modulated signal
voltage, i1dentified respectively as Vpwar, Vpewan,
V pwars, and V pyags, passing from controller 24 to the
gate drive switching circuit 14, 16, 18, or 20. The con-
troller activates each switching device by providing a
high voltage signal to the associated gate drive switch-
ing circuit 14, 16, 18, or 20. The length of time each
switching device remains activated is controlled by the
length of the high voltage signal. During the ordinary
course of operation, switching circuits 14, 16, 18, and 20
are turned on and off numerous times.

Referring now to FIG. 2 there is shown a block dia-
gram of the fault protection circuit of the current inven-
tion embodied in a gate drive switching circuit 14. The
circuit in FIG. 2 1s identified as 14 but can be either of
the gate drive switching circuits identified in FIG. 1 as
14 or 16. With minor changes the circuit shown in FIG.
2 could also be the gate drive switching circuits indi-
cated in FIG. 1 as 18 or 20. |

A logic signal, denoted here by V ppay, 1s provided to
fault protection gate drive switching circuit 14 of the
current mvention thereby allowing current flow. For
this purpose logic signal V ppasis transmitted to a driver
circuit 30. Driver circuit 30 is electrically powered by a
source voltage, +V, and a ground voltage, — V. Driver
circuit 30 can be any driver circuit such as a Unitrode
UC1705 or the like that is able to receive a logic signal
and transform the logic signal into an output signal
capable of driving a switching device. Dniver circuit 30
should also have a shut down or disable port to allow a
logic signal to cause reduction or elimination of the

10

13

20

25

30

35

45

50

35

65

4

driving voltage. A switching device 32 is provided with
its gate (G) electrically connected to driver circuit 30.
Switching device 32 can be any switching device such
as, but not limited to, a MOS field effect transistor or a
MOS insulated gate bipolar transistor. A supply voltage
denoted here by +V pyusis provided at the collector (C)
of switching device 32. Emitter (E) of switching device
32 1s connected to an output device here denoted by
load 34 which is in turn connected to provide an output
voltage denoted here by —V pys. Load 34 can represent
coill 12 of FIG. 1 and other devices such as switching
device 20 or 18 of FIG. 1; however, gate drive switch-
ing circuit 14 can also be used in other configurations as
well.

When switching device 32 is closed, a large current is
travelling from -V pys, through switching device 32 to
load 34 and —Vgys. In this embodiment, the voltage
difference between 4+ Vgpysand — Vpysis on the order
of 400 V. The largest voltage drop occurs at load 34.
Switching device 32 only causes a three to four volt
drop. A saturation comparator 36 is electrically con-
nected to a diode 38 which is in turn electrically con-
nected to the collector of switching device 32. Diode 38
1s biased against current flow from + V pysto compara-
tor 36. Saturation comparator 36 1s further connected to
a grounding resistor 40 that is connected 1n turn to a
ground 42. Ground 42 1s electrically positioned at the
same voltage level as the emitter of switching device 32.
A small amount of current is allowed to flow from
collector through diode 38 and grounding resistor 40 to
ground 42.

While switching device 32 is closed, saturation com-
parator 36 compares the voltage at the collector of
switching device 32 against a preselected saturation
reference voltage denoted herein by Vgsg7. When
switching device 32 is open, the path from the collector,
through diode 38, and resistor 40 to ground 42 provides
the path of least resistance for the large current flow
from <4 Vpgys; however, diode 38 prevents flow of a
large current through this path. In addition to prevent-
ing large current flow, diode 38 must have a reverse
recovery speed of around 75 nanoseconds to prevent
comparator 36 from experiencing a voltage spike on
opening of switching device 32 gate.

If the voltage drop across switching device 32 gate 1s
a preselected amount greater than V gs47then compara-
tor 36 outputs a positive signal indicating that the col-
lector (C) of switching device 32 is oversaturated. Com-
parator 36 output is connected to the gate (G) of a field
effect transistor 44 through a buffer 46. Buffer 46 is
provided to prevent fault signal propagation time delays
caused by the effects of the inherent capacitance of gate
(G) of field effect transistor 44. Source (S) of field effect
transistor 44 1s electrically connected to ground 42.
Drain (D) of field effect transistor 44 is electrically
connected to a drain resistor 48 which is in turn con-
nected to draw voltage from the connection between
driver circuit 30 and gate (G) of switching device 32
thereby reducing the transmission of power through
switching device 32 when comparator 36 indicates
oversaturation.

An AND gate 50 1s also connected to the output of
saturation comparator 36. The other input of AND gate
50 1s connected to the output of a time delay 52. Time
delay 52 i1s connected with its input joined to the electr-
cal connection between driver 30 and switching device
32 gate. Time delay 52 prevents propagation of spurious
fault signals during switching device 32 activation by




5,448,441

S

delaying the transmission of driver circuit 30 high signal
to AND gate 50. This time delay allows saturation of
switching device 32 gate before a false fault signal 1s
created. The length of power up time delay i1s depen-
dent on the size and type of switching device 32 in order
to give switching device 32 time to saturate. To allow a
quick turn off, time delay 52 does not cause a delay m
transmission from time delay 52 input to AND gate 50
when driver 30 output is changing from a high voltage
to a low voltage. AND gate 50 output is positive when
driver 30 is activated and comparator 36 indicates an
oversaturation fault. A first undervoltage comparator
54 is electrically connected to compare -+ V against a
preset reference voltage, + Vgeer. Likewise, a second
undervoltage comparator 56 is provided to compare
—V against a preset negative reference wvoltage,
—Vgrer. If AND gate 50 output, first undervoltage
comparator 34 output, or second undervoltage compar-
ator 56 output indicate a fault then an OR gate 38 pro-
vides a positive signal to a latch 60. Latch 60 is electri-
cally connected to draw voltage away from the input
port of driver circuit 30. Latch 60 provides a constant
disabling signal to driver circuit 30 until latch 60 is reset.
Latch 60 is also connected to control circuitry 62 to
allow the system to respond to failure by resetting latch
60. -
Circuit 14 shuts down switching device 32 if any of
three conditions are met. If an excess voltage exists
between collector (C) of switching device 32 and
ground, saturation comparator 36 senses the excess
voltage and immediately responds by signalling field
effect transistor 44 to drain voltage from the gate (G) of
switching device 32. A logical “and” function is exe-
cuted between the signal from comparator 36 and
driver circuit output by AND gate 50 to allow transmas-
sion of a fault signal only if switching device 32 1s acti-
vated by driver circuit 30.

First undervoltage comparator 54 issues a fault signal
if driving voltage, +V, is insufficient when compared
with a preset reference voltage, + Vgger Likewise, if
ground voltage, —V, 1s a preselected amount above
—V rerthen second undervoltage comparator 56 issues
a fault signal. Both of these fault signals serve to indi-
cate that gate () of switching device 32 1s undersatu-
rated thereby causing excessive resistive heating.

Fault signals from AND gate 50, undervoltage com-
parator 54, and undervoltage comparator 56 are com-
bined using OR gate 58 by executing a logical OR
among the three signals. A combined fault signal is
provided to latch 60. Latch 60 maintains the fault signal
at the shut down port of driver circuit 30 until latch 60
is reset. Control circuitry 62 can be provided with addi-
tional logic to determine if circuit 14 should remain off
line, be reactivated at reduced power levels, or be reac-
tivated until a predetermined number of faults have
occurred.

A second embodiment of this invention having differ-
ent operating characteristics is provided in FIG. 3. The
operating characteristics of this embodiment are benefi-
cial for detecting short circuits or shoot through be-
cause this embodiment allows detection of a voltage by
the saturation comparator 36 when switching device 32
1S open.

The alternate embodiment of inventive device shown
in FIG. 3 has a voltage divider resistor 64 in place of a
diode (shown as 38 in FIG. 2) between saturation com-
parator 36 and switching device 32. Resistor 40 of FIG.
2 1is replaced by a resistor 66 having a different resis-
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tance. The resistances of divider resistors 64 and 66 are
selected in accordance with bus voltage, 4V pys, and
the desired saturation trip voltage, Vgs47. In this em-
bodiment only safe signal levels are provided to satura-
tion comparator 36 because divider resistor 64 reduces
the 4V pys voltage. A side effect of this embodiment 1s
that relatively low voltages are masked by the divider
resistors 64 and 66. This prevents this embodiment from
measuring the actual saturation voltage of switching
device 32 because -+ V gysis only large enough to acti-
vate saturation comparator 36 when switching device
32 gate 1s open. When switching device 32 gate 1s
closed, the measured voltage at switching device 32 1s
considerably below the threshold voltage required to
activate saturation comparator 36.

In the first embodiment, the use of diode 38 shifts the
threshold voltage range to the range around the gate
saturation voltage by eliminating all voltage when
switching device 32 is open thereby allowing compara-
tor 36 greater sensitivity to voltage change. Diode 38
must be extremely fast to avoid damage to saturation
comparator 36 when switching device 32 is turned off in
the course of ordinary operation. In the second embodi-
ment, the voltage divider arrangement of resistors 64
and 66 compresses a typical 400 V range causing small
voltage changes to be undetectable by saturation com-
parator 36. As a result of this, saturation comparator 36
can only detect fault conditions such as shoot through
or short circuits because oversaturation voltage is small
in comparison to the voltage measured when switching
device 32 is open.

The advantages of the present invention over the
prior art are that this gate drive circuit design is capable
of shutting a switching device down during a failure
mode within the desired 10 psec time limit. The drive
circuitry also has the added feature of reducing the
power internal to the switching device before the driver
is shut down. This eliminates the problem of destroying
the device in the process of trying to save it during shut
down. Supply and gate drive voltage monitoring is also
incorporated in this circuit design to prevent switch
device failure caused by overheating. These capabilities
increase the mean time between failure of the switching
device and thus increases the reliability of motor sys-
tems employing the fault protection gate drive circuit
design of the current invention.

What has thus been described is a fault protection
circuit for a power switching device. The fault protec-
tion circuit prevents damage to a MOS switching de-
vice by providing a comparator and logic circuitry
which disables the driver circuit when an excess voltage
is detected. The fault protection circuit shuts down the
MOS switching device without allowing transient cur-
rents to damage the device by providing a field effect
transistor which acts to drain the gate of the MOS
switching device during shut down. The fault protec-
tion circuit also has undervoltage comparators to pre-
vent the switching device from failing because of under-
saturated operation.

Obviously many modifications and vanations of the
present invention may become apparent in light of the
above teachings. For example: as disclosed above the
latch can be connected to the control circuitry in order
that the control circuitry can take corrective action to
prevent the failure; the saturation comparator can be
positioned between two resistors providing a voltage
divider effect to measure the voltage across the switch-

ing device when the switching device gate 1s open; and
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the saturation comparator can be positioned with a high
speed diode between the comparator and the switching
device to measure the switching device saturation volt-
age when the gate of the switching device is closed.
In light of the above, it is therefore understood that 5

8

voltage, a second input electrically connected to a
low reference voltage, and an output providing an
electrical fault signal if said gate driver low voltage
1s a preselected amount above said low reference
voltage; and

within the scope of the appended claims, the invention said shut down logic circuit being responsive to said

may be practiced otherwise than as specifically de-
scribed.

What is claimed is:

1. A fault protection circuit interposed between a 10
controller and a power switching device comprising:

a driver circuit powered by a gate driver high voltage 3.

negative undervoltage comparator output and to
said positive undervoltage comparator output to
provide a sustained electrical fault signal to disable
said driver circuit when said shut down logic cir-
cuit receives said electrical fault signal.

The fault protection circuit of claim 2 further com-

and a gate driver low voltage and having inputs prising a current limiting means electrically disposed
electrically connected to said controller, an output among said saturation comparator first input, a collec-
electrically connected to the gate of said switching 15 tor of said switching device, and said ground voltage.

device, and a disabling means for shutting down 4.

The fault protection circuit of claim 3 wherein said

said driver on receipt of an electrical fault signal, current limiting means comprises:

said driver circuit providing an asserted switch a
signal to turn on said switching device and a deas-
serted switch signal to turn off said switching de- 20

first resistor interposed between said saturation
comparator first input and the collector of said
switching device; and

vice; a second resistor interposed between said saturation

a saturation comparator having a first comparator
input electrically connected between the collector
of said power switching device and a ground volt-

age, a second comparator input electrically con- 25 &.

comparator first input and said ground voltage for
dividing the voltage provided to said saturation
comparator first input.

The fault protection circuit of claim 4 further com-

nected to a reference voltage source, and a com- prising:
parator output providing an electrical fault signal 1f sald switching means being a field effect transistor

said first comparator input registers a higher volt-
age than said second comparator input, said satura-
tion comparator being provided to determine if 30
said switching device i1s switching an excessive
voltage;

having a gate electrically connected to said satura-
tion comparator output, a drain electrically con-
nected to satd gate of said power switching device,
and a source electrically connected to said ground
voltage; and

a switching means responsive to said saturation com- a buffer having an input electrically connected to said

parator output, said switching means electrically
connected between said gate of said power switch- 35
ing device and said ground voltage, said switching
means being provided to reduce current to said
gate of said power switching device when said
saturation comparator output indicates that said

switching device is switching an excessive voltage; 40 6.

saturation comparator output and an output electri-
cally connected to said gate of said field effect
transistor, said buffer being provided to reduce
time delays to said saturation comparator electrical
fault output signal caused by the inherent capaci-
tance of said field effect transistor gate.

The fault protection circuit of claim 5 wherein said

a time delay means responsive to said driver circuit shut down logic circuit comprises:
output to delay the propagation of said asserted an AND gate means having a first input electrically

switch signal from said driver circuit output, said
time delay means transmitting said deasserted
switch signal without delay to said output to avoid 45
false fault signals when said driver circuit signals
said switching device to switch on and to prevent
damage to said switching device when said driver
circuit signals said switching device to switch off;

connected to said output of said saturation compar-
ator, a second input electrically connected to said
output of said time delay circuit, and an output,
said AND gate means providing an electrical fauit
signal if said saturation comparator output is an
electrical fault signal and said time delay output 1s
an asserted switch signal;

and 50 a three way OR gate means having a first input elec-

a shut down logic circuit responsive to said saturation
comparator output and to said time delay circuit
output to provide a sustained electrical fault signal
to disable said driver circuit when said time delay
means output indicates said asserted switch signal 55
and said saturation comparator output indicates
said electrical fauit signal.

trically connected to said AND gate means output,
a second input electrically connected to said posi-
tive undervoltage comparator output, a third input
electrically connected to said negative undervolt-
age comparator output, and an output providing an
electrical fault signal if any of said OR gate means
inputs receives an electrical fault signal; and

2. The fault protection circuit of claim 1 further com- a latch having an mput electrically connected to said

prising:

a positive undervoltage comparator having a first 60
input electrically connected to said gate dniver
high voltage, a second input electrically connected
to a high reference voltage, and an output provid-
ing an electrical fault signal if said gate driver high
voltage is a preselected amount below said high 65
reference voltage;

a negative undervoltage comparator having a first
input electrically connected to the gate driver low

OR gate means and an output electrically con-
nected to said disabling means of said driver circuit

to provide a sustained electrical fault signal to dis-
able said driver circuit when said input receives an
electrical fault signal, said output being further
connected to said controller to transmit said elec-
trical fault signal to said controller, and said mput
being further connected to said controller to allow
said controller to reset said latch and thereby en-
able said driver circuit.
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7. The fault protection circuit of claim 3 wherein said a switching device having a gate electrically con-
current limiting means comprises: nected to said driver circuit output, a collector
a diode having an ultra-fast reverse recovery speed electrically connected to a power source, and an

interposed between said saturation comparator first

to a controller comprising:

a driver circuit powered by a gate driver high voltage
and a gate driver low voltage and having inputs
electrically connected to said controller, an output,
and a disabling means for shutting down said driver
on receipt of an electrical faulit signal, said driver
circuit output providing an asserted switch signal
and a deasserted switch signal;

65

emitter electrically connected to a load for closing

input and the collector of said switching device and 5> on receipt of the asserted switch signal and opening
being biased against current flow from said switch- on receipt of the deasserted switch signal from said
ing device collector to said saturation comparator driver circuit output; |
first input, said diode blocking current flow to said Saturation comparator having a first comparator
comparator when said switching device gate is input electncally.cox%nected _between the collector
open; and 10 of said power switching device and a ground volt-
a resistor interposed between said saturation compar- age, a second comparator input electrically con-
ator first input and said ground voltage to reduce nected to a reference voltage source, and a com-
the current flow between said ground and said parator output providing an electrical fault signal if
saturation comparator first input. said first comparator input registers a higher volt-
8. The fault protection circuit of claim 7 further com- 15 age than said Second_comparajzor input, said satura-
prising: tion comparator being provided to determine if
said switching means being a field effect transistor said switching device 1s switching an excessive
having a gate electrically connected to said satura- vc:»_ltafte; _ y _
tion comparator output, a drain electrically con- a switching mea:rtls re._sgons;vehifo sal satureitlon 'Czlril-
nected to said gate of said power switching device, paratort o;lt)pil » Sl §1év1tc X 1ngf m%ans electric hy
and a source electrically connected to said ground connected between said gate Ol 5ald power SWitCh-
voltage; and ing device and said ground voltage, said switching
a buffer having an input electrically connected to said neans belr_lg provided to re duce current 1o sa:}d
: : gate of said power switching device when said
saturation comparator output and an output electri- : e :
) : 25 saturation comparator output mndicates that said
cally connected to said gate of said field effect s A oy :

: ) : : switching device is switching an excessive voltage;
transistor, said buffer being provided to reduce : . ca g .o
time delays to said saturation comparator electrical a time delay means responsive to said driver circult
Eault ty ¢ sional caused by th p1 herent o output to delay the propagation of said asserted

ault outpul s8N us y He i “apd switch signal from said driver circuit output, said
9 t,]?hncef Oti said ﬁd{:1 effe_:ct t}'anilsil:oy ggte.h 1 said 30 time delay means transmitting said deasserted
shu:£ dofv;?otg?;?iiiﬁﬁnczlepﬂszg claim 8 wherein Sai switch signal without delay to said output to avoid
: - _ false fault signals when said driver circuit signals
an AND tgiﬁ: me_aéls htang fa ftxgst;:upu:‘ electr;i:al;ry said switchin_g dev‘ice to switc:h on and to prevent
connecied 10 sald output O1 said Saturation compai- damage to said switching device when said driver
ator, a second input electrically connected to said 35 circuit signals said switching device to switch off;
OQEPIIN% said time delay ?:llfcmt* anld ?n (a’:‘lli_P“{; a positive undervoltage comparator having a first
sal i ggte 1:1ean§ providing an eleclrical 1au input electrically connected to said gate driver
511311 _ la_lsfal : sa urz.ltlondcozt}:ipa:r ato; ;:)utput 15 an high voltage, a second input electrically connected
c ecmcrt da“ t_fl%ln : anal said time delay output 1s to a high reference voltage, and an output provid-
an asserncd swilcli signa; 40 ing an electrical fault signal if said gate driver high
a tﬁzzgagognic%:;et?:ﬁszﬁgi :t fﬁi ;15131 fll,ii vc;}tage is a lpreselected amount below said high
_ _ _ > reference voltage;
e o i by * A nderolage comprtor havig » £
: : v input electrically connected to the gate dnver low
electrically connected to said negative 1111‘:’13_1"’01'[‘ 45 voltage, a second input electrically connected to a
age comparator output, and an output providing an low reference voltage, and an output providing an
electrical fault signal if any of said OR gate means electrical fault signal if said gate driver low voltage
) llal’lcgﬁt;:e?e::; E&f&iﬁﬁﬁlﬂiﬁf&:ﬁ i 1S ? preselegted amount above said low reference
vin + voltage; an
OR gate means and an output electrically con- 50 ashut down logic circuit responsive to said saturation
nected to said dlsa})hng mcans of said d]_:wer circeuit comparator output, said ‘ nega@i?e undervoltage
to provide a sustained electrical fault signal to dis- comparator output, and said positive undervoltage
3}’135_31(11(1?"?:' C}I'Cllallt WI{ZH 531:1 H::Pl;t _fece;z:fhan comparator ougmt and to saldl time cietfqlayl c:1rcu;11;
electrical 1ault signal, said outpui being €1 output to provide a sustained electrical fault sign
connected to said controller to transmit said elec- 55 to disable said driver circuit when said time delay
trical fault signal to said controller, and said input means output indicates said asserted switch signal
bemg further connected to said controller to allow and said shut down ]ogic circuit receives said elec-
said controller to reset said latch and thereby en- trical fault signal.
able said driver circuit. 11. The fault protection power switching device of
10. A fault protection power switching device joined 60 claim 10 further comprising a current limiting means

electrically disposed among said saturation comparator
first input, a collector of said switching device, and said
ground voltage.
12. The fault protection power switching device of
claim 11 wherein said current limiting means comprises:
a first resistor interposed between said saturation
comparator first input and the collector of said
switching device; and
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a second resistor interposed between said saturation
comparator first input and said ground voltage for
dividing the voltage provided to said saturation
comparator first mput.

13. The fault protection power switching device of 5

claim 12 further comprising:

said switching means being a field effect transistor
having a gate electrically connected to said satura-
tion comparator output, a drain electrically con-
nected to said gate of said power switching device, 10
and a source electrically connected to said ground
voltage; and |

a buffer having an input electrically connected to said
saturation comparator output and an output electri-
cally connected to said gate of said field effect 15
transistor, said buffer being provided to reduce
time delays to said saturation comparator electrical
fault output signal caused by the inherent capaci-
tance of said field effect transistor gate.

14. The fault protection power switching device of 20
claim 13 wherein said switching device is a metal oxide
semiconductor device.

15. The fault protection power switching device of
claam 14 wherein said metal oxide semiconductor de-
vice 1s an insulated gate bipolar transistor. 25

16. The fault protection power switching device of
claim 11 wherein said current limiting means comprises:

a diode having an ultra-fast reverse recovery speed
interposed between said saturation comparator first
input and the collector of said switching device and 30
being biased against current flow from said switch-
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ing device collector to said saturation comparator
first input, said diode blocking current flow to said
comparator when said switching device gate i1s
open; and

a resistor interposed between said saturation compar-

ator first input and said ground voltage to reduce
the current flow between said ground and said
saturation comparator first input.

17. The fault protection power switching device of
claim 16 further comprising:
said switching means being a field effect transistor

having a gate electrically connected to said satura-
tion comparator output, a drain electrically con-
nected to said gate of said power switching device,
and a source electrically connected to said ground
voltage; and

a buffer having an input electrically connected to said

saturation comparator output and an output electri-
cally connected to said gate of said field effect
transistor, said buffer being provided to reduce
time delays to said saturation comparator electrical
fault output signal caused by the inherent capaci-
tance of said field effect transistor gate.

18. The fault protection power switching device of
claim 17 wherein said switching device is a metal oxide
semiconductor device.

19. The fault protection power switching device of
claim 18 wherein said metal oxide semiconductor de-
vice 1s an insulated gate bipolar transistor.

* * E % *
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